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BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates generally to an apparatus for the treatment 
and ablation of body masses, such as tumors, and more particularly, to 
an RF treatment system suitable for multi-modality treatment with an 
infusion delivery device, catheter, removable electrode, insulator sleeve 
and introducer, ail housed in the catheter. The system maintains a 
selected power at an electrode what is independent of changes in 
current or voltage. 

Description of the Related Art 

^Jfl^^Current open procedures for treatment of tumors are extremely 
disrupi ive and cause a great deai of damage to healthy tissue. During 
the surgical procedure, the physician must exercise care in not cutting 
the tunor in amaeerthat creates seeding of the tumor, resulting in 
metastasis. In recent years, development of products has been 
directed with an emphasis on minimizing the traumatic nature of 
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There has been a relatively significant amount of activity in the 
area of hyperthermia as a tool for treatment of tumors. It is known that 
elevating the temperature of tumors is helpful in the treatment and 
management of cancerous tissues. The mechanisms of selective 
cancer ceil eradication by hyperthermia are not completely understood. 
However, four cellular effects of hyperthermia on cancerous tissue have 
been proposed, (i) changes in cell or nuclear membrane permeability or 
fluidity, (ii) cytoplasmic lysomal disintegration, causing release of 
digestive enzymes, (iii) protein thermal damage affecting cell respiration 
and the synthesis of DNA or RNA and (iv) potential excitation of 
immunologic systems. Treatment methods for applying heat to tumors 
include the use of direct contact radio-frequency (RF) applicators, 
microwave radiation, inductively coupled RF fields, ultrasound, and a 
variety of simple thermal conduction techniques. 

Among the problems associated with all of these procedures is 
the requirement that highly localized heat be produced at depths of 
several centimeters beneath the surface of the body. Certain 
techniques have been developed with microwave radiation and 
ultrasound to focus energy at various desired depths. RF applications 
may be used at depth during surgery. However, the extent of 
localization is generally poor, with the result that healthy tissue may be 
harmed. Induction heating gives rise to poor localization of the 
incident energy as well. Although induction heating may be achieved by 
placing an antenna on the surface of the body, superficial eddy currents 
are generated in the immediate vicinity of the antenna, when it is driven 
using RF current, and unwanted surface heating occurs with little 
heating delivered to the unaerlytng tissue. 
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Thus, non-invasive procedures for providing heat to internal 
tumors have had difficulties in achieving substantial specific and 
selective treatment. 

Hyperthermia, which can be produced from an RF or microwave 
source, applies heat to tissue but does n ot exceed 45 degrees C s o that 
normai cells survive. In thermotherapy, heat energy of greater than 45 
degrees C is applied, resulting in histological damage, desiccation and 
the denaturization of proteins. Hyperthermia has been applied more 
recently for therapy of malignant tumors. In hyperthermia, it is desirable 
to induce a state of hyperthermia that is localized by interstitial current 
heating to a specific area while concurrently insuring minimum thermal 
damage to healthy surrounding tissue. Often, the tumor is located 
subcutaneously and addressing the tumor requires either surgery, 
endoscopic procedures or external radiation. It is difficult to externally 
induce hyperthermia in deep body tissue because current density is 
diluted due to its absorption by healthy tissue. Additionally, a portion of 
the RF energy is reflected at the muscle/fat and bone interfaces which 
adds to the problem of depositing a known quantity of energy directly on 
a small tumor. 

Attempts to use interstitial local hyperthermia have not proven to 
be very successful. Results have often produced nonuniform 
temperatures throughout the tumor, it is believed that tumor mass 
reduction by hyperthermia is related to thermal dose. Thermal dose is 
the minimum effective temperature applied throughout the tumor mass 
for a defined period of time. Because blood flow is the major 
mechanism of heat loss for tumors being heated, and blood flow varies 
throughout the tumor, more even heating of tumor tissue is needed to 
ensure effective treatment. 

The same is true for ablation of the tumor itself through the use of 
RF energy. Different methods have been utilized for the RF ablation of 
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masses such as tumors. Insteac cf heating the tumor it is ablated 
through the application of energy, "his process has been difficult to 
achieve due to a variety of factors including, (i) positioning of the RF 
ablation electrodes to effectively asiate all of the mass, (ii) introduction 
of the RF ablation electrodes to the tumor site and (iii) controlled 
delivery and monitoring of RF energy to achieve successful ablation 
without damage to non-tumor tissue. 

There have been a number of different treatment methods and 
devices for minimally invasively treating tumors. One such example is 
an endoscope that produces RF hyperthermia in tumors, as disclosed in 
U.S. Patent No. 4,920.978. A microwave endoscope device is 
described in U.S. Patent No. 4.409.993. In U.S. Patent No. 4,920,978, 
an endoscope for RF hyperthermia is disclosed. 

In U.S. Patent No. 4,763,671 (the " '671 patent"), a minimally 
invasive procedure utilizes two catheters that are inserted interstitially 
into the tumor. The catheter includes a hard plastic support member. 
Around the support member is a conductor in the form of an open mesh. 
A layer of insulation is secured to the conductor with adhesive beads. It 
covers all of the conductor except a preselected length which is not 
adjustable. Different size tumors can not be treated with the same 
electrode. A tubular sleeve is introauced into the support member and 
houses radioactive seeds. The device of the '671 patent fails to provide 
for the introduction of a fiuidic meaium. such as a chemotherapeutic 
agent, to the tumor for improved treatment. The size of the electrode 
conductive surface is not variable. Additionally, the device of the '671 
patent is not capable of maintaining a preselected level of power that is 
independent of changes in voltage cr current. 

In U.S. Patent No. 4.565.2G0 (the " '200 patent"), an electrode 
system is described in which a sincie entrance tract cannula is used to 
introduce an electrode into a selectee body site. The device of the '200 
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patent is limited in that the single entrance tract fails to provide for the 
introduction, and removal of a vanery of inserts, including but not limited 
to an introducer, fluid infusion device and insulation sleeve. Additionally, 
the device of the "200 parent fajis tc provide for the maintenance ata 
SS ? Ct V power independent of Ranges in current gr voltage. 
j 0 9^f here is a ne ed for an RF treaiment device which provides for 

lulti-rrtadality treatment of selected tissue sites which includes a 
catheter with a single entrance tract for an RF treatment electrode, an 
introducer, an insulator sieeve and a fluid infusion device. It would 
desirible to provide an RF treatment apparatus which maintains a 
O selected power at the electrode independent of changes in voltage or 

current. 

SUMMARY 
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Accordingly, an object of the invention is to provide an RF 
treatment apparatus which has a catheter insert adapted to receive 
interchangeable introducers and electrodes positioned in the insert. 

Another object of the invention is to provide an RF treatment 
apparatus which has a catheter insert with interchangeable introducers 
and electrodes, and resources to maintain the electrode at a selected 
power irrespective of changes in current or voltage. 

Still a further object of the invention is to provide an RF treatment 
apparatus, which maintains an electrode at a selected power 
independent of changes in current and voltage, and operates in the 
bipolar mode. 
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Yet another object of the invention is to provide an RF treatment 
apparatus with a needle eiectrode removably positioned in a catheter 
lumen, with resources to maintain the electrode at a selected power 
irrespective of changes in current or voltage. 

Another object of the invention is to provide an RF treatment 
apparatus which includes a removable introducer that is slidably 
positioned in a needle lumen, and resources are incorporated which 
maintain a selected power of the eiectrode independent of changes in 
current or voltage. 

A further object of the invention is to provide an RF treatment 
apparatus which includes an infusion device, catheter and a needle 
electrode, both removable from the infusion device which can remain 
positioned in a body structure to permit the introduction of a 
chemotherapeutic agent directly through the infusion device, or through 
a separate delivery device positioned in the lumen of the infusion 
device. 

These and other objects of the invention are achieved with an RF 
treatment apparatus that includes a catheter with a catheter lumen. A 
removable needle is positioned in the catheter lumen in a fixed 
relationship to the catheter. The needle electrode includes a needle 
lumen and a needle electrode distal end. A removable introducer is 
slidably positioned in the needle lumen. The introducer includes an 
introducer distal end. A return electrode can be included that attaches 
to the patient's skin A first sensor, which can be a thermal sensor, is 
positioned on a surface of the electrode or the introducer. An RF power 
source is coupled to the needle eiectrode. Associated with the RF 
power source, return eiectrode and first sensor are resources for 
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maintaining a selected oower at the electrode that is independent of 
changes in current or voitage. 

In another embodiment of the invention, the RF treatment 
apparatus includes a catheter with a catheter lumen. An insert is 
removably positioned in the catheter lumen, in a fixed relationship to the 
catheter. The insert includes an insert lumen and an insert distal end. A 
removable electrode is positioned in the insert. It has an electrode distal 
end that advances out of the insert distal end and introduces RF 
treatment energy along a conductive surface of the electrode. A first 
sensor is positioned on a surface of the electrode or insert. An RF 
power source is coupled to the electrode. Associated with the RF power 
source, a return electrode and first sensor are resources that maintain a 
selected power at the eiecirode which is independent of a change in 
voitage or current. 

In a further embodiment of the invention, the RF treatment 
apparatus includes an infusion device with an infusion device lumen. A 
catheter, including a catheter lumen, is at least partially positioned in the 
infusion device lumen and is removable therefrom. A removable needle 
electrode is positioned in the catheter lumen in a fixed relationship to the 
catheter. The needle electrode includes a needle lumen. An insulator, 
with an insulator distal end. is in a surrounding relationship to the 
treatment needle electrode. The insulator is slidably positioned along a 
longitudinal axis of the treatment needle electrode and defines a needle 
electrode conductive surface that begins at the insulator distal end. A 
first sensor is positioned on a surface of the insulator or electrode. An 
RF power source is coupled to the needle electrode. Resources are 
associated with the RF power source, a return electrode and the first 
sensor for maintaining a selected power at the electrode that is 
independent of changes in voltage or current. 
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With the RF treatment apparatus of the invention, an insert or 
treatment needle is removably attscned to a catheter and positioned in 
the catheter lumen, or the catheter :s removably attached to the infusion 
device and positioned in the infusron device lumen. An introducer can 
be slidably positioned in the insert lumen initially, to assist in the 
introduction of the catheter and i.-sen into a body structure. The 
introducer is then removed and t. u .e treatment needle substituted in its 
place. Temperature readings are taken adjacent to the tissue site in the 
vicinity of the eiectrode. Resources control the amount of energy 
supplied to the treatment site so nat RF energy is delivered at low 
enough power so that the tissue at the electrode is not desiccated, but 
sufficient enough to kill the cells cf the tumor. 

An electrode treatment device, consisting of catheter, insulator, 
and either an electrode or an introducer, is removed from an infusion 
device following the delivery of RF energy to the tissue site. The 
infusion device remains positionec adjacent to or in the tumor. This 
permits the continued introduction of a chemotherapeutic agent to the 
tumor site, or subsequently, the catheter with electrode can be 
reintroduced and further RF energy delivered to the tumor site. 
j0^^ ardWare and software. cs:iectively "resources" maintain a 
Elected power at the electrode ir.ciude a power supply, power circuits, 
control er. user interface and disp;ay, a device to calculate power and 
impedance, current and voltage sensors and a temperature 
measurement device. The controller can be under microprocessor 
control.! Imaging of the tumor, through ultrasound. CT scanning, and the 
like, can! be utilized to first define ir.s boundaries of the tumor mass. 
Images if the tumor are then imported to a display. Individual electrode 
needles fire thereafter positionea or surround the tumor, and RF 
energy islthen slowly delivered to t.-.e tumor. Prior treatment planning of 
the tumor^assists in the effective ceiivery of RF treatment energy. 
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Through imaging, tissue characterization by monitoring the process, is 
achieved. The electrodes are useo in the bipolar mode. 

An electrode can be removes from the catheter and placed at a 
different location than the catheter to measure temperature, and deliver 
RF energy. Multiple electrodes are introduced through their respective 
catheters to tumor sites. Tumor sites are treated, through hyperthermia 
or ablation, selectively through the controlled delivery of RF energy. 
Temperature is monitored, and through the resources, a selected level 
of power is maintained independent of changes in voltage or current. A 
variety of different devices can be positioned and removed in the 
catheter. These include, introducers and electrodes. The treatment 
device of the invention permits a wide range of tumor treatment devices 
to be introduced to the tumor site for multi-modality evaluation and 
treatment purposes. The catheter or infusion device can remain 
S 5 positioned at the tumor site for an extended period for later treatment of 

RF energy or introduction of a chemotherapeutic agent. 

U DESCRIPTION OF THE DRAWINGS 
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Figure 1 (a) is a cross-sectionai view of an RF treatment 
apparatus of the invention. 

Figure 1(b) is a close up cross-sectional view of the distal end of 
the RF treatment apparatus of Figure 1(a). 

Figure 1(c) is a close up cross-sectional view of the RF treatment 
apparatus of Figure 1(a), illustrating the proximal end of the insulation 
sleeve and a thermocouple associated with the insulation sleeve. 
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Figure 1(d) is a ciose up cress-sectional view of the RF treatment 
apparatus of Figure 1(a). Illustrating the proximal end of the RF 
treatment apparatus of Figure 1 (a). 



Figure 2 is an exploded view of an RF treatment apparatus of the 
invention. 



Figure 3 is a cross-sectionai view of the RF treatment apparatus 
of the invention illustrating the electrode, insulation sleeve and the 
associated thermal sensors. 

Figure 4(a) is a perspective view of the RF treatment apparatus 
of the invention with the infusion device mounted at the distal end of the 
catheter. 

Figure 4(b) is a perspective view of the RF treatment apparatus 
of Figure 4(a) illustrating the removal of the catheter, and electrode 
attached to the distal end of the electrode, from the infusion device 
which is left remaining in the body. 

Figure 5(a) is a persoective view of the RF treatment apparatus 
of the invention with the electrode mounted at the distal end of the 
catheter. 

Figure 5(b) is a persoective view of the RF treatment apparatus 
of Figure 5(a) illustrating the removal of the introducer from the lumen of 
the electrode. 
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Figure 6(a) is a persoective view of the RF treatment apparatus 
of the invention with the introducer removed from the lumen of the 
electrode. 

Figure 6(b) is a perspective view of the apparatus of Figure 6(a) 
illustrating the removal of the eiecxrode from the catheter, leaving behind 
the insulation sleeve. 

Figure 7(a) is a perspective view of the RF ablation apparatus of 
the invention with the insulation sleeve positioned in a surrounding 
relationship to the electrode which is mounted to the distal end of the 
catheter. 

Figure 7(b) is a perspective view of the RF ablation apparatus of 
Figure 7(a) illustrating the removal of the insulation sleeve from the 
electrode. 

Figure 7(c) is a perspective view of the insulation sleeve after it is 
removed from the electrode. 

Figure 8(a) is a perspective view illustrating the attachment of a 
syringe to the device of Figure 6(a). 

Figure 8(b) is a perspective v.ew of a syringe, containing a fluid 
medium such as a chemotherapeutic agent, attached to the RF ablation 
apparatus of Figure 6(a). 

Figure 9 is a block diagram of an RF treatment system of the 
invention. 
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Figure 10(a) is a scnemauc diagram of a power supply suitable 
useful With the invention. 

Fibure 10(b) is a schematic diagram of a voltage sensor suitable 
useful with the invention. 

Figute 10(c) is a schematic ciagram of a current sensor suitable 
useful with tfte invention. 

Figure Wd) is a schematic ciagram of power computing circuits 
suitable useful with the invention. 

Figure lOfj^js^schematic diagram of an impedance computing 
circuit suitabie^jseVui with the invention. 

Figure 10(f) is\ a schematic diagram of a power control device 
suitable useful with the invention. 

Figure 10(g) is k schematic ciagram of an eight channel 
temperature measurement suitable useful with the invention. 

Figure 10(h) is a schematic diagram of a power and temperature 
control circuit useful with\he invention. 

> &®Pfrgure 1 1 is a block diagram of an embodiment of the invention 
which includes a microprocessor. 



•igure 12 illustrates the use cf two RF treatment apparatus, such 



as the dne illustrated in Figure 1(a). that are used in a bipolar 




moae. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

^^eferring now to Figures ir a >. 1(b), 1(c), 2 and 3 an RF treatment 
apparatus 10 is illustratec which can oe used to ablate a selected tissue 
mass, in&luding but not limited to a tumor, or treat the mass by 
hyperthermia. Treatment aDparatus 10 includes a catheter 12 with a 
catheter luiinen in which different devices are introduced and removed. 
An insert 14\s removably positioner in the catheter lumen. Insert 14 
0 can be an introducer, a needle electrode, and the like. 

3 When insert 14 is an introducer, including but not limited to a 

\ guiding or delivery catheter, it is used as a means for puncturing the skin 

3 of the bocj y' and advancing catheter 1 2 to a desired site. Alternatively, 

j insert 14 can be both an introducer and an electrode adapted to receive 

jj RF current for tissue ablation and hyperthermia. 

ft If insert 14 is not an eiectrode. then a removable electrode 1 6 is 

J positioned in insert 1 4 either during or after treatment apparatus 1 0 has 

j been introduced percutaneousiy to the desired tissue site. Electrode 16 

? has an electrode distal ena that advances out of an insert distal end. In 

this deployed position. RF energy is introduced to the tissue site along a 
conductive surface of electrode 16. 

Electrode 16 can be included in treatment apparatus 10. and 
positioned within insert 14. while treatment apparatus 10 is being 
introduced to the desired tissue site. The distal end of electrode 16 can 
have substantially the same geometry as the distal end of insert 14 so 
that the two ends are essentially flusn. Distal end of electrode 16. when 
positioned in insert 14 as it is introduced through the body, serves to 
block material from entering the lumen of insert 14. The distal end of 
electrode 16 essentially can provide a plug type of function. 
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Electrode 16 is then advancea out of a distal end of insert 14. 
and thd length of an electrcae ccnauctive surface is defined, as 
explained further in this specification. Electrode 16 can advance out 
straight, laterally or in a curved manner out of distal end of insert 14. 
Ablative for hyperthermia treatment begins when two electrodes 16 are 
positioned closely enough to effect bipolar treatment of the desired 
tissue site br tumor. A return electrode attaches to the patients skin. 
Operating il a bipolar mode, selective ablation of the tumor is achieved. 
However, it Will be appreciated that the present invention is suitable for 
treating, throbgh hyperthermia or ablation, different sizes of tumors or 
masses. The\delivery of RF energy is controlled and the power at each 
electrode is maintained, independent of changes in voltage or current. 
Energy is delivered slowly at low power. This minimizes desiccation of 
the tissue adjacU to the electrodes 16. permitting a wider area of even 
ablation. In one Wnbodiment, 8 to 1 4 W of RF energy is applied in a 
bipolar mode for lo to 25 minutes. An ablation area between electrodes 
16 of about 2 to 6 fcm is achieved. 

Treatment apparatus 10 can also include a removable introducer 
18 which is positioned in the insert lumen instead of electrode 16. 
Introducer 18 has an introducer distal end that also serves as a plug, to 
minimize the entrance of material into the insert distal end as it 
advances through a body structure. Introducer 18 is initially included in 
treatment apparatus, and is housed in the lumen of insert 14, to assist 
the introduction of treatment apparatus 10 to the desired tissue site. 
Once treatment apparatus 10 is at the desired tissue site, then 
introducer 18 is removed from the insert lumen, and electrode 16 is 
substituted in its place. In this regard, introducer 18 and electrode 16 
are removable to and from insert 14. 

Uso included is an insulator sieeve 20 coupled to an insulator 
Insulator sleeve 20 is positioned in a surrounding relationship 
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to electrode 16. Insulator slide 22 -moans a siidable movement of the 
insulktor sleeve along a longitudinal axis of electrode 1 6 in order to 
defink an electrode conductive surface what begins at an insulator 
sleeve distal end. 

thermal sensor 24 can be oositioned in or on electrode 16 or 
^nlrodukr 1 8. A thermal sensor 25 is positioned on insulator sleeve 20. 
In one embodiment, thermal sensor 24 is located at the distal end of 
introduceV 18, and thermal sensor 25 is located at the distal end of 
insulator ieeve 20. at an interior wall which defines a lumen of insulator 
sleeve 20.\suitable thermal sensors include a T type thermocouple with 
copper conWantene. J type. E type. K type, thermistors, fiber optics, 
resistive wirfes, thermocouples IR detectors, and the like. It will be 
appreciated \hat sensors 24 and 26 need not be thermal sensors, 
s^^atheter 12. insert 14. electrode 16 and introducer 18 can be 
^ade of^b variety of materials. In one embodiment, catheter 12 is black 
anodizid aluminum. 0.5 inch, electrode 16 is made of stainless steel, 18 
gauge, introducer 1 8 is made of stainless steel. 21 gauge, and insulator 
sleeve 20 isVnade of polyimide. 

By monitoring temperature. RF power delivery can be accelerated 
to a predetermined or desired levei. !mpeda nce_is used to monitor 
voltage and current._ The readings of thermal sensors 24~a7d~26a7e 
used to regulate voltage and current that is delivered to the tissue site. 
The output for these sensors is usee by a controller, described further in 
this specification, to control the delivery of RF energy to the tissue site. 
Resources, which can be hardware and/or software, are associated with 
an RF power source, coupled to electrode 16 and the return electrode. 
The resources are associated with thermal sensors 24 and 25. the 
return electrode as well as the RF power source for maintaining a 
selected power at electrode 16 independent. of changes in voltage or 
current. Thermal sensors 24 and 25 are of conventional design, " 
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including but not limited to therrn:s:crs. thermocouples, resistive wires, 
and the like. 

Electrode 16 is preferably noilow and includes a plurality of fluid 
distribution ports 28 from which a variety of fluids can be introduced, 
including electrolytic solutions, cr.emotherapeutic agents, and infusion 
media. 

A specific embodiment of the RF treatment device 1 0 is illustrated 
in Figure 2. Included is an electrcae locking cap 28. an RF coupler 30, 
an introducer locking cap 32. insulator slide 22. catheter body 1 2, 
insulator retainer cap 34. insulator jocking sleeve 36, a luer connector 
38, an insulator elbow connector *0. an insulator adjustment screw 42, a 
thermocouple cable 44 for therma. sensor 26. a thermocouple cable 46 
for thermal sensor 24 and a luer retainer 48 for an infusion device 50. 
£Hfn another embodiment of RF treatment apparatus 10, electrode 
I is diJectly attached to catheter 12 without insert 14. Introducer 18 is 
slidably positioned in the lumen of electrode 16. Insulator sleeve 20 is 
again portioned in a surrounding relationship to electrode 16 and is 
slidably moveable along its surface in order to define the conductive 
surface. Thermal sensors 24 ana 25 are positioned at the distal ends of 
introducer lis and insulator sleeve 20. Alternatively, thermal sensor 24 
can be positioned on electrode 16. such as at its distal end. The distal 
ends of electVode 16 and introducerlS can be sharpened and tapered. 
This assists iA the introduction of RF treatment apparatus to the desired 
tissue site. Each of the two distal ends can have geometries that 
essentially match. Additionally, distal end of introducer 18 can an 
essentially solii end in order to prevent the introduction of material into 
the lumen of catheter 16. 

In yet another embodiment of RF treatment apparatus 10. 
infusion device 50 remains implanted in the body after catheter 12. 
electrode 16 and introducer 18 are ail removed. This permits a 
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chemotherapeutic agent, cr other -fusion medium, to be easily 
introduced to the tissue site over an extended period of time without the 
other devices of RF treatment apparatus 10 present. These other 
devices, such as electrode 16, can ze inserted through infusion device 
50 to the tissue site at a later time f = r nyperthermia or ablation 
purposes. Infusion device 50 has an .nfusion device lumen and catheter 
12 is at least partially positioned in the infusion device lumen. Electrode 
16 is positioned in the catheter lumen, in a fixed relationship to catheter 
12, but is removable from the lumen, insulator sleeve 20 is slidably 
positioned along a longitudinal axis cf electrode 16. Introducer 18 is 
positioned in a lumen of electrode ■ 5 and is removable therefrom. A 
power source is coupled to electroce 1 6. Resources are associated 
with thermal sensors 24 and 26, vortage and current sensors that are 
coupled to the RF power source for maintaining a selected power at 
electrode 16. 

The distal end of RF treatment apparatus 10 is shown in Figure 
1(b). Introducer 18 is positioned in the lumen of electrode 16, which can 
be surrounded by insulator sleeve 20. all of which are essentially placed 
in the lumen of infusion device 50. t wiii be appreciated, however, that 
in Figure 1(b) insert 14 can take the -ace of electrode 16. and electrode 
16 can be substituted for introducer * 8. 

The distal end of insulator sleeve 20 is illustrated in Figure 1(c). 

Thermal sensor 26 is shown as being in the form of a thermocouple. In 
Figure 1(d), thermal sensor 24 is aiso illustrated as a thermocouple that 
extends beyond a distal end of intrccucer 1 8. or alternative a distal end 
of electrode 16. 

jpS^Referring now to Figures 4(a ; and 4(b). infusion device 50 is 
-^acheb to the distal end of catheter '2 and retained by a collar. The 
collar isl rotated, causing catheter 1 2 to become disengaged from 
infusionldevice 50. Electrode 16 is attached to the distal end of catheter 
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12.\Catheter 12 is pulled away from infusion device 50. which also 
remoVes electrode 16 from infusion device 50. Thereafter, only infusion 
device 50 is retained in the oody. While it remains placed, 
chemjptherapeutic agents can be introduced through infusion device 50 
to trea\t the tumor site. Additionally, by leaving infusion device 50 in 
place, tatheter 12 with electrode 16 can be reintroduced back into the 
lumen if infusion device 50 at a later time for additional RF treatment in 
the forrn of ablation or hyperthermia. 

In Figure 5(a), electrode 16 is shown as attached to the distal end 
of catheter 12. Introducer 18 is attached to introducer locking cap 32 
which is rotated and pulled away from catheter 12. As shown in Figure 
5(b) this removes introducer 18 from the lumen of electrode 16. 

Referring now to Figure 6(a), electrode 16 is at least partially 
positioned in the lumen of catheter 12. Electrode locking cap 28 is 
mounted at the proximal end of catheter 12, with the proximal end of 
electrode 16 attaching to eiectrode locking cap 28. Electrode locking 
cap 28 is rotated and unlocks from catheter 12. In Figure 6(b), electrode 
locking cap 28 is then pulled away from the proximal end of catheter 12. 
pulling with it electrode 16 which is then removed from the lumen of 
catheter 12. After electroae 16 is removed from catheter 12, insulator 
sleeve 20 is locked on catheter 12 by insulator retainer cap 34. 

In Figure 7(a), insulator retainer cap 34 is unlocked and removed 
from catheter 12. As shown in Figure 7(b), insulator sleeve 20 is then 
slid off of electrode 16. Figure 7(c) illustrates insulator sleeve 20 
completely removed from catheter 12 and electrode 16. 

Referring now to Figures 8(a) and 8(b). after introducer 18 is 
removed from catheter 12. a fluid source, such as syringe 51, delivering 
a suitable fluid, including but not limited to a chemotherapeutic agent, 
attaches to luer connector 33 at the proximal end of catheter 12. 
Chemotherapeutic agents are then delivered from syringe 51 through 
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electrode 16 to the tumor site. Syringe 51 is then removed from 
catheter 12 by imparting a rotational movement of syringe 51 and pulling 
it away from catheter 12. Thereafter, electrode 16 can deliver further RF 
power to the tumor site. Additionally, electrode 16 and catheter 12 can 
be removed, leaving oniy infusion device 50 in the body. Syringe 51 can 
then be attached directly to infusion device 50 to introduce a 
chemotherapeutic agent to the tumor site. Alternatively, other fluid 
delivery devices can be coupled to infusion device 50 in order to have a 
more sustained supply of chemotherapeutic agents to the tumor site. 
jpX^'^nce chemotherapy is completed, electrode 16 and catheter 12 
yean be |ntroduced through infusion device 50. RF power is then 
delivered to the tumor site. The process begins again with the 
subsequent removal of catheter 1 2 and electrode 1 6 from infusion 
device 50. Chemotherapy can then begin. Once it is complete, further 
RF powe r can be delivered to the tumor site. This process can be 
repeated any number of times for an effective multi-modality treatment 
of the tunpor site. . , 

Referring now to Figure 9. a block diagram of power source 52 is 
illustrated. Power source 52 includes a power supply 54, power circuits 
56. a controller 58, a power and impedance calculation device 60. a 
current sensor 62, a voltage sensor 64. a temperature measurement 
device 66 and a user interface and display 68. 

figures 10(a) through 10(g) are schematic diagrams of power 
supply 54, voltage sensor 64, current sensor 62, power computing 
circuit associated wiih power and impedance calculation device 60, 
impedanWfcpmputing circuit associated with power and impedance 
calculatioj^&evice 60. power control circuit of controller 58 and an eight 
channel temperature measurement circuit of temperature measure 
device 66. respectively. 
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Current deliverec througr each electrode 16 is measured by 
current sensor 62. Voltage between the electrodes 16 is measured by 
voltage sensor 64. Impeaance and power are then calculated at power 
and impedance calculation device 60. These values can then be 
displayed at user interface 68. Signals representative of power and 
impedance values are received zy controller 58. 

A control signal is generated by controller 58 that is proportional 
to the difference between an acr-al measured value, and a desired 
value. The control signal is usee by power circuits 56 to adjust the 
power output in an appropriate amount in order to maintain the desired 
power delivered at the respective eiectrode 16. 

a simiiar manner, temperatures detected at thermal sensors 24 
J^and 26 provide feedback for maintaining a selected power. The actual 
temperatures are measured at temperature measurement device 66, 
and /he temperatures are displayed at user interface 68. Referring now 
to figure 10(h), a control signai is generated by controller 59 that is 
proiortional to the difference between an actual measured temperature, 
avk a desired temperature. The control signal is used by power circuits 
57 to adjust the power output in an appropriate amount in order to 
Maintain the desired temperature celivered at the respective sensor 24 
it 26. 

Controller 58 can be a digital or analog controller, or a computer 
with software. When controller 53 is a computer it can include a CPU 
coupled through a system bus. On this system can be a keyboard, a 
disk drive, or other non-volatile memory systems, a display, and other 
peripherals, as are known in the art. Also coupled to the bus are a 
program memory and a data memory. 

User interface 68 includes CDerator controls and a display. 
Controller 58 can be coupled to imaging systems, including but not 
limited to ultrasound. CT scanners and the like. 
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Current and voltage are used to calculate impedance. 
Diagnostics can be performea cotically, with ultrasound. CT scanning, 
and the like. Diagnostics are performed either before, during and after 
treatment. 

The output of current sensor 62 and voltage sensor 64 is used by 
controller 58 to maintain the se-ected power level at electrodes 16. The 
amount of RF energy delivered controls the amount of power. A profile 
of power delivered can be incorporated in controller 58, and a pre-set 
amount of energy to be deliverer can also be profiled. 

Circuitry, software and feeaback to controller 58 result in process 
control, and the maintenance of the selected power that is independent 
of changes in voltage or current, and are used to change, (i) the 
selected power, including RF, ultrasound and the like, (ii) the duty cycle 
(on-off and wattage), (iii) bipolar energy delivery and (iv) fluid delivery, 
including chemotherapeutic agents, flow rate and pressure. These 
process variables are controlled and varied, while maintaining the 
desired delivery of power independent of changes in voltage or current, 
based on temperatures monitored at thermal sensors 24 and 26 at 
multiple sites. 

*v^l ° ntr0ller 58 can be micr =°rocessor controlled. Referring now to 
■igure 11, current sensor 62 ana voltage sensor 64 are connected to 
the input of an analog amplifier 70. Analog amplifier 70 can be a 
conventional differential amplifier circuit for use with thermal sensors 24 
and 26. |The output of analog amplifier 70 is sequentially connected by 
an analoA multiplexer 72 to the input of analog-to-digital converter 74. 
The outpiLt of analog amplifier 72 is a voltage which represents the 
respective sensed temperatures. Digitized amplifier output voltages are 
supplied bV analog-to-digital converter 74 to a microprocessor 76. 
Microprocessor 76 may be a type 58HCI! available from Motorola. 
However. i\will be appreciated tr.at any suitable microprocessor or 
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general purpose digital or analog computer can be used to calculate 
impedance or temperature. 

Microprocessor 76 sequentially receives and stores digital 
representations of impedance ana temperature. Each digital value 
received by microprocessor 76 corresponds to different temperatures 
and impedances. 

Calculated power and impedance values can be indicated on 
user interface 68. Alternatively, cr in addition to the numerical indication 
of power or impedance, calculated impedance and power values can be 
compared by microprocessor 76 with power and impedance limits. 
When the values exceed predetermined power or impedance values, a 
warning can be given on interface 68. and additionally, the delivery of 
RF energy can be reduced, modified or interrupted. A control signal 
from microprocessor 76 can modify the power level supplied by power 
supply 54. 

An imaging system can be used to first define the volume of the 
tumor or selected mass. Suitable imaging systems include but are not 
limited to, ultrasound, CT scanning, X-ray film. X-ray fluoroscope. 
magnetic resonance imaging, electromagnetic imaging and the like. 
The use of such devices to define a volume of a tissue mass or a tumor 
is well know to those skilled in the art. 

Specifically with ultrasound, an ultrasound transducer transmits 
ultrasound energy into a region of interest in a patient's body. The 
ultrasound energy is reflected by different organs and different tissue 
types. Reflected energy is sensed by the transducer, and the resulting 
electrical signal is processed to provide an image of the region of 
interest. In this way, the volume to be ablated is ascertained. 

Ultrasound is empioyed to image the selected mass or tumor. 
This image is then imported to user interface 68. The placement of 
electrodes 16 can be marked, ana RF energy delivered to the selected 
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site with prior treatment plann.ng. Ultrasound can be used for real time 
imaging. Tissue characterization of the imaging can be utilized to 
determine how much of the tissue IS heated. This process can be 
monitored. The amount of RF cower delivered is low, and the ablation 
or hyperthermia of the tissue is siow. Desiccation of tissue between the 
tissue and each needle 16 is minimized by operating at low power. 
Ji^he following examples iiiustrate the use of the invention with two 
;ment apparatus with two electrodes shown in Figure 12, or a 
pair of two electrodes, that are used in a bipolar mode to ablate tissue. 



EXAMPLE ! 
Exposed electroae iength: 
Distance between electrodes: 
Power setting: 
Ablation time: 
Lesion size: 

width: 2 cm 

length: 1.7 cm 
depth: 1.5 cm 



1.5 cm 
1.5 cm 
5 W 
10 min. 



EXAMPLE 2 
Exposed electrode length: 
Distance between eiectrodes: 
Power setting: 
Ablation time: 
Lesion size: 

width: 2.8 cm 

length; 2.5 cm 
depth; 2.2 cm 



1.5 
2.0 
7.0 

10 min. 
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EXAMPLE 3 
Exposed electrcae length: 
Distance between eiectrodes: 
Power setting: 
Ablation time: 
Lesion size: 

width: 3.0 cm 

length: 2.7 cm 
depth: 1.7 cm 



2.5 cm 
2.0 cm 
10 W 
10 min 



in 



LP 



15 



- 20 



-5 STf 



o 



EXAMPLE 4 
Exposea electrode length: 
Distance between eiectrodes: 
Power setting: 
Ablation time: 
Lesion size: 

width: 2.8 cm 

length: 2.7 cm 

depth: 3.0 cm 

EXAMPLE 5 
Exposed electrode length: 
Distance between eiectrodes: 
Power setting: 
Ablation time: 
Lesion size: 

width: 2.8 cm 

lengtn: 2.8 cm 

depth: 2.5 cm 



2.5 cm 
2.5 cm 
8 W 
10 min. 



2.5 cm 
2.5 cm 
8 W 
12 min. 



30 
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EXAMPLE 5 
Exposea eiectrode length: 
Distance cerween Siectrodes: 
Power sening: 
Ablation time; 
Lesion size: 

width: 3.0 cm 

lengtr.: 3.0 cm 

depth: 2.0 cm 

EXAMPLE 7 

With return electroae at 1.5 cm 
Exposed electrode iength: 
Distance between erectrodes: 
Power setting: 
Ablation time: 
Lesion size: 

width: 3.0 cm 

lengtn: 3.0 cm 

depth: 3.0 cm 



2.5 cm 
1.5 cm 
8 W 
14 min. 



2.5 cm 
2.5 cm 
8 W 
10 min. 



25 



30 



< 



nr 



X 



EXAMPLE 8 
Exposed eiectrode length: 
Distance between e:ectrodes: 
Power setting: 
Ablation time: 
Lesion size: 

width: 3.5 cm 

length: 3.0 cm 



2.5 cm 
2.5 cm 
10 W 
12 min. 
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2.3 cm 
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EXAMPLE 9 
Exposed eiectrode length: 
Distance between electrodes: 
Power setting: 
Ablation time: 
Lesion size: 

width: 3.5 cm 

length: 3.5 cm 
depth: 2.5 cm 



2.5 cm 
2.5 cm 
11 W 
11 min. 



15 



A 
20 y 



EXAMPLE 10 
Exposed electrode length: 
Distance between electrodes: 
Power setting: 
Ablation time: 
Lesion size: 

width: 4.3 cm 

length: 3.0 cm 

depth: 2.2 cm 



3.0 cm 
3.0 cm 
11 W 
15 min. 



25 



/■ * 



30 



EXAMPLE 11 
Exposed eiectrode length: 
Distance between electrodes: 
Power setting: 
Ablation time: 
Lesion size: 

width: 4.0 cm 
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3.0 cm 
2.5 cm 
11 W 
11 min. 




yy 



15 



length: 3.0 cm 

decir\: 2.2 cm 



EXAMPLE 12 

Exposed electroae iength: 4.0 cm 

Distance between eiectrocies: 2.5 cm 

Power setting: 11W 

Ablation time: 16min. 



<l 0 

1 0 Q Lesion size: 

width: 3.5 cm 

S X length: 4.0 cm 

_±L deptn: 2.8 cm 



EXAMPLE 13 



3 Tw ° pairs of electrodes ( Four electrodes) 

% Exposed electrode iength: 2.5 cm 

3 20 ^\ Distance between electrodes: 2.5 cm 

^ Power setting: !2W 

b Ablation time: 16min 

y£ \ Lesion size: 

width: 3.5 cm 

25 lengtn: 3.0 cm 
deptn: 4.5 cm 



EXAMPLE 14 
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Two pairs of electrooes (Four electrodes) 
Exposea eiectrocs :ength: 2.5 cm 

Distance between electrodes: 2.5 cm 

Power setting: 15w 
Ablation time: 14 mjn 

Lesion size: 

widtn: 4.0 cm 

lengtr.: 3.0 cm 

deptr.: 5.0 cm 

The foregoing description of preferred embodiments of the 
present invention has been provided for the purposes of illustration and 
description. It is not intended to ce exhaustive or to limit the invention to 
the precise forms disclosed. Obviously, many modifications and 
variations will be apparent to practitioners skilled in this art. The 
embodiments were chosen and described in order to best explain the 
principles of the invention and its practical application, thereby enabling 
others skilled in the art to understand the invention for various 
embodiments and with various modifications as are suited to the 
particular use contemplated. It is intended that the scope of the 
invention be defined by the following claims and their equivalents. 
What is claimed is: 
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